This work deals with the physicochemical and microbiological characterization of a hospital wastewater that is directly discharged in water bodies without treatment. Our focus was paid on the teaching hospital of Treichville (Cote d'Ivoire). For the purpose, various physicochemical parameters such as temperature, pH, dissolved oxygen, total dissolved solid, conductivity, nitrate, phosphate, chloride, chemical oxygen demand (COD), biological oxygen demand for five days (BOD 5 ), salinity, and total suspended solids have been assessed. For the microbiological investigations, the parameters consisting in Pseudomonas aeruginosa, Salmonella and total coliforms have been assessed. From the analysis, it has been found that the wastewaters of the teaching hospital of Treichville are highly loaded in organic pollutants and in pathogens bacteria. The values of nitrate, dissolved oxygen demand, COD, BOD 5 and biological parameters do not respect the international (WHO) values recommended for the water to be discharged in the environment. The ratio COD/BOD 5 has been determined to vary between 1.25 and 2.80. The results showed that the studied wastewater is a domestic type wastewater composed either by mostly biodegradable pollutants or a mixture of biodegradable and non-biodegradable organic pollutants. These wastewaters constitute therefore a risk for the populations since they are discharged in water bodies without any treatment and used by communities.
Introduction
Today, in human's life, pharmaceuticals of different therapeutic classes are consumed in a large number as well as in household or in hospitals to prevent them from diseases [1] [2] [3] [4] . Unfortunately, pharmaceuticals are not totally destroyed after ingestion in human's body; thus metabolized or unmetabolized pharmaceuticals are discharged in the environment through urine and feces [4] [5] [6] . Moreover, in households, the unused and expired pharmaceuticals are disposed with normal household waste or discarded into sink or toilet and released into sewage systems [7] [8] [9] [10] [11] . In developing countries where there are wastewater treatment plants, trace of pharmaceuticals is found in discharged water after the wastewater treatment plant (WWTP) operation [12] . Such situation has raised much concern about the pollution of water bodies by pharmaceuticals such as antibiotics, and iodide contrast products. Contribution of the total load of pharmaceutical products in the environment is brought from hospitals or pharmaceuticals manufacturers. In Côte d'Ivoire, a developing country located in the west of Africa, the consumption of pharmaceuticals has got increased. In this country, the wastewater treatment plant built after the independence does not operate anymore because of the lack of maintenance so that the hospital wastewaters are directly discharged in the environment without treatment. Upon entering the water environment, the pharmaceuticals and their metabolites become potential risks to the health of aquatic life and human beings. The adverse effects on aquatic communities include the feminization of male fish, and development of pathogen resistance. At present, there is a lack of information on the pollution level of the wastewaters in the hospitals of Côte d'Ivoire. In order to contribute in developing a strategy for the treatment of the hospital wastewater in the near future, the main goal of this work was to assess the physicochemical and microbiological parameters of one of the most used teaching hospitals in Abidjan, the teaching hospital of Treichville named CHU of Treichville (CHUT). In the current work, some physicochemical parameters such as temperature, pH, conductivity, nitrate, phosphate, chloride, chemical oxygen demand (COD), biological oxygen demand for five days (BOD 5 ), salinity, total suspended solids (TSS) and some microbiological indicators such as Pseudomonas aeruginosa, Salmonella and total coliforms will be assessed.
Material and Methods
The teaching hospital of Treichville (CHU of Treichville) where the current work has been carried out is located in the south of Abidjan in the district of Treichville. It covers an area of 420,000 m 2 . In this hospital, the wastewaters have been collected in three sites called S1, S2 and S3 (Figure 1 ). The site S1 was the main receptor located at the former wastewater treatment plant (WWTP) area. The site S2 was located on downstream of the site S1 and received the wastewater coming from the heart services. The site S3 received the wastewater coming from the infectious diseases services. Built in 1966 and because of a lack of maintenance, the former wastewater stopped operating in 1975 so that the services built after that period were not connected to the main receptor located Figure 1 . Location of the teaching hospital in Treichville (CHUT) in Abidjan in Ivory Coast in the west of Africa. The site S1 is the main receptor of the wastewater of most of the services of the CHUT. The site S2 is on downstream of the site S1 but receiving the wastewater coming from other services like the heart services and the site S3 received the wastewaters coming from the infectious services.
at the WWTP area. So is the case of the heart services.
To estimate the physicochemical parameters, samples have been collected and some parameters have been measured directly on sites and the others were delivered to the laboratory for measurement. Parameters such as Temperature, pH, conductivity, dissolved oxygen, total dissolved solid and salinity have been determined on sites. Chemi- 
Results and Discussion

Physicochemical Parameters Assessment
The water consumption in the teaching hospital from 2009 till 2014 has been registered and consigned in Table 1 . /day/population (average value). It is worth noting that all the daily consumed water is not transformed into hospital wastewater. But from our investigations (a survey), about 80% of the waters are used for hospital (heal) purpose. The sampling operation has been performed on each site of the three sites S1, S2 and S3 at the same period of time by three operators simultaneously. The physicochemical parameters, as mentioned before (temperature, pH, conductivity, salinity, TDS, COD, BOD 5 , Cl − , nitrate, phosphate…) have been carried out. Figure 2 shows the measured temperature on the three sites during the entire period of the campaign. On the site S1, the temperature is almost constant with a minimum value of 26.3˚C and a maximum value of 28.5˚C. The average of the temperature on the site S1 is about 27.2˚C ± 0.7˚C. On the site S2, the temperature varies between 26.2˚C as the minimum value and 29.1˚C as the maximum value. The average of the temperature on the site S2 for the whole campaign period is 27.4˚C ± 0.7˚C. On the site S3, the temperature varies between a minimum value of 26.1 and a maximum value of 28.2˚C with an average of 27.3˚C ± 0.8˚C. One observed that the temperature of the wastewater of the teaching hospital of Treichville is almost constant and is around 27.3˚C. In Figure 3 , the histograms related to the values of pH measured on the three sites S1, S2 and S3 are presented. On the site S1, the minimum pH is 5.80 and the maximum is 8.60 with an average of 7.31 ± 0.71 on the whole investigated period. On the site S2, Figure 2 . Spatiotemporal evolution of temperature of the hospital wastewaters on the sites S1, S2 and S3. From Table 2 
Microbiological Investigation
Some microbiological parameters have been determined such as Pseudomonas aeruginosa, salmonella and total coliforms. The results have been consigned in Table 3 . It appears that all the hospital wastewaters contain bacteria flora. Results in Table 3 show that all the waters collected contain the Pseudomonas aeruginosa with its concentration ranging between 0.04 × 10 5 -0.75 × 10 5 UFC/100mL. The salmonella were found to be present in the sampling wastewaters. The concentration of the total coliforms were found to be in the range of 0.6 × 10 5 -3 × 10 5 UFC/100mL.
Discussion
As it is has been indicated above, the wastewaters of the teaching hospital of Treichville are poured in the environment without any treatment. So are all the hospital wastewaters in our country and for many industries. Unfortunately, no information about the degree of water pollution of the wastewater of this hospital was found. The temperature of the wastewaters of this hospital are lower than 30˚C and the pH of the wastewaters are almost neutral. Compared to the international WHO (World Health Organization) guidelines, the determined parameters are inferior to the limiting values under which the wastewaters are allowed to be discharged. In the light to those values, one could indicate at this level that these hospital wastewaters could not affect negatively bacteria flora and the microbiological activity in the receptor. In fact, water temperature is an important factor that affects the rate of many biological and chemical processes and also the amount of oxygen that can dissolve in the water. Moreover, the beings of aquatic life is influenced by the temperature [13] [14] [15] . The pH value is also an important parameter for the evaluation of the quality of waters in terms of acidic or alkaline status. The pH is a key parameter of a paramount importance in the biological processes of wastewater treatment [16] . The pH values determined in this work are in accordance to the pH range found in other hospital wastewaters. In Turkey for instance, the pH of the hospital wastewater is around pH = 7 [17] . Other authors have found almost the same results [18] [19] . The fact that the pH is close to the neutral pH could be linked to the product used in the hospital such as detergents. For the parameters such as conductivity, salinity and chlorides, the results showed that the higher values determined for such parameters were lower than the limiting values recommended by the WHO guidelines for the water to be discharged [20] [21]. It is important to mention that all the parameters such as conductivity, salinity and chloride are well and positively correlated.
The values of the conductivity determined in this teaching hospital wastewaters are lower than those found in Erbil's hospital wastewaters [22] . The values of the conductivity of the wastewaters of this teaching hospital are low. Thus for the further treatment of such a wastewater by electrochemical techniques for instance, it is would be necessary to use a supporting electrolyte to increase the conductivity of the solution in order to favor the current to flow. Nevertheless, the ions present in the hospital wastewaters could come from the release of physiologic salt, from the kitchen, from the lavatories and from the laundries. Even though the quantities of chloride are low, Goldman and Home suggested that the conductivity values higher than 500 µS/cm in a water system could be regarded as hard [23] . [30]. It is worth noting that although the main character of the wastewater under study is a domestic one, we emphasize on the fact that depending on the activities undertaken in this hospital, the ratio tending to be close to 3 indicates the presence of non-biodegradable pollutants in the corresponding wastewaters. In this case, this wastewater is composed of a mixture of non-biodegradable and biodegradable pollutants. In the overall, it can be indicated that the wastewater of the teaching hospital of Treichville is polluted. Additionally to the physicochemical parameters, some microbiological parameters have been determined. Since it has been indicated above that the wastewater of the teaching hospital of Treichville is directly discharged in the environment or in the water bodies generally used by nearby population or communities, the presence of pathogens bacteria is a potential public health hazard. In fact the presence of the patho-gens bacteria in effluent may cause acute to severe disease on getting suitable host and condition [31] . The three bacteria of our focus were all present in the wastewaters of the three sites. Their amounts are higher than the limiting values, <1000 CFU/100mL, given by the WHO guidelines for the water to be discharged in water bodies or for irrigation. Those results showed values that are lower than those generally found in other hospital wastewaters. From those results, one can indicated that the teaching hospital's wastewater is of bad quality. It is known that coliforms are not pathogens but their presence in the wastewater gives the information on the existence of pathogen bacteria.
In the case of the teaching hospital of Treichville, the wastewaters contain pathogens bacteria.
Conclusion
The wastewaters of the teaching hospital of Treichville have been assessed for the first time in order to be aware of its pollution degree. From the physico-chemical parameters, it appeared that some parameters such as nitrate, dissolved oxygen, and organic material do not respect the limiting values recommended by the international guidelines (WHO) to be discharged. Those wastewaters can be considered as poor and bad wastewaters. It contains a high load of organic pollutants. From the ratio COD/BOD 5 , the studied wastewater is found to be a domestic type wastewater. Its composition depends on the activities undertaken in the hospital so that it can contain biodegradable organic pollutants or a mixture of biodegradable and non-biodegradable organic pollutants. These wastewaters contain also pathogens bacteria. They constitute therefore a risk for the populations since they are discharged in water bodies without any treatment. Regarding the organic charge and the microbiological pollution of the hospital wastewaters of the teaching hospital of Treichville, they shouldn't be directly discharged in the environment without treatment. We recommend to be built a combined process for the wastewater treatment coupling biological treatment followed by physico-chemical processes such as advanced oxidation processes.
